Purpose: The goal of this study was to compare the risk of developing cancer between patients with or without chronic obstructive pulmonary disease (COPD), and to assess the role of gender as well as the use of respiratory medication on the risk of developing lung cancer in COPD patients.
Introduction
According to the Global Initiative for Obstructive Lung Diseases (GOLD), chronic obstructive pulmonary disease (COPD) is associated with an abnormal inflammatory response of the lungs, which is accompanied by a not fully reversible airflow limitation. 1 The pronounced chronic inflammatory process is thought to increase the risk for lung cancer due to constant tissue damage and exposure to substances with mutagenic potential such as reactive oxygen species. 2, 3 For other organ systems, similar associations between chronic inflammation and cancer have been discussed, such as chronic hepatitis and liver cancer. 4 Asthma is another major obstructive lung disease with substantial inflammation; although studies on the association between asthma and lung cancer reported conflicting results, pooled estimates did not provide evidence for an association between asthma and an increased cancer risk. [5] [6] [7] This article was published in the following Dove Press journal: Pragmatic and Observational Research 24 November 2010 Number of times this article has been viewed submit your manuscript | www.dovepress.com
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Previous studies on the association between COPD and cancer risk mainly focused on lung cancer, suggesting that COPD increases the risk for lung cancer materially. [8] [9] [10] COPD patients and lung cancer patients share an important risk factor, which is smoking. Men have been reported to have higher COPD rates than females, which may be attributed to higher smoking rates in males compared with females in the past, but smoking rates as well as COPD rates in females have been reported to rise. 11 In addition, studies indicated that female smokers might be more susceptible to developing COPD than male smokers, as women with COPD tended to suffer from a greater reduction in forced expiratory volume in one second (FEV1). 12 In vitro and in vivo studies have explored potential carcinogenic effects of respiratory drugs, but clinical and epidemiological data are scarce. Theophylline and rolipram -a more selective phosphodiesterase (PDE) inhibitor -are thought to mediate antiapoptotic effects by inhibition of the antiapoptotic Bcl2 protein and by induction of the pro-apoptotic Bax protein in cultured H1299 non-small lung carcinoma cells (NSCLC) and in B-cells from chronic lymphocytic leukemia (CLL) patients. 13, 14 Positive effects were also seen in CLL patients receiving theophylline alone or in combination with chlorambucil. 15, 16 Systemic corticosteroid use, on the other hand, has been reported to increase the risk for skin cancer, but no such association was seen with inhaled steroids. 17 In vivo studies, however, suggested anti-proliferative effects of glucocorticoids potentially inhibiting the growth of lung cancer. [18] [19] [20] The authors of a recent study reported a reduced lung cancer risk in US veterans exposed to high doses of inhaled steroids. 21 Another study that investigated the role of antiasthmatic drug use and cancer risk in asthma patients did not find an association between use of inhaled bronchodilators and lung cancer risk, and only a slight increase in risk associated with use of oral steroids. 22 In this study we explored the association between COPD and the risk of developing cancer, and we investigated whether the lung cancer risk is associated with use of respiratory drugs among patients with COPD.
Methods
Data source
We used the UK-based General Practice Research Database (GPRD) to conduct a follow-up study with a nested casecontrol analysis. The GPRD has been described in detail elsewhere. 23 It is a large primary care database established in 1987 that encompasses some five million patients who are enrolled with selected general practitioners (GPs) throughout the UK. The GPs, who contribute data to the GPRD, have been trained to record medical information in a standard manner and to supply it anonymously. The recorded information includes demographics, medical diagnoses, and virtually all drug prescriptions. The patients enrolled in the GPRD are representative of the UK population in respect of age, sex, and geographical distribution. 23 The GPRD has been used before for studies of COPD and cancer. 22 The GPRD is managed by the Medicines and Healthcare products Regulatory Agency (MHRA), and the study protocol was approved by the Independent Scientific Advisory Committee for MHRA database research (ISAC). The investigators only had access to anonymized information.
Study population
We identified in the GPRD all patients with a first-time diagnosis of COPD (based on medical Read or OXMIS codes) between January 1, 1995 and December 31, 2005 at age 40-79 years. We excluded patients with less than 3 years of active recording history prior to the date of the first COPD diagnosis. In addition, we identified at random from the GPRD one comparison subject without COPD for each COPD patient, matched 1:1 on age (same year of birth), sex, general practice, and calendar time (ie, the date of the first COPD diagnosis of the COPD patient). We applied the same exclusion criteria to the comparison group as to the COPD patients.
Follow-up analysis
We excluded all patients from the COPD and the COPD-free comparison group with a recorded history of cancer (excluding non-melanoma skin cancer), HIV, drug abuse, or alcoholism prior to the COPD diagnosis (or the corresponding date in the COPD-free group). We then followed all remaining patients from the start of follow-up (ie, the COPD diagnosis date or the corresponding date in the comparison group) and assessed the person-time for each patient until he or she developed an incident diagnosis of cancer, left the database, died, or reached the end of the study (December 31, 2005), whatever came first. We estimated incidence rates with 95% confidence intervals (CI) separately for COPD patients and COPD-free patients and stratified by age and gender.
nested case-control analysis
We conducted a nested case-control analysis to further analyze the impact of COPD, respiratory drugs, and various potential confounders on the risk of developing cancer. For this purpose we identified for each case with an incident cancer risk in patients with cOPD cancer diagnosis four control patients selected at random from the study population (ie, patients with or without COPD who did not develop cancer during follow-up). These controls were matched to cases on age, sex, practice, and index date (ie, the date when the case had the incident cancer diagnosis). We compared the prevalence of COPD in patients with cancer and controls using conditional logistic regression analyses.
We provided the risk estimates stratified for different cancer sites and adjusted for patient characteristics such as body mass index (BMI ,18.5, 18.5-25, 25-29.9, 30-60 kg/m 2 , or unknown), smoking history (no, current, past, unknown), as well as for various cancer type specific confounders (breast cancer: contraceptive use, hormone replacement therapy use, benign neoplasms, non-melanoma skin cancer, and NSAID use; lymphoma: benign neoplasms, use of carcinogenic drugs; gastro-esophageal cancer: gastro-esophageal reflux disease, benign neoplasms, non-melanoma skin cancer; colorectal cancer: NSAID use, constipation, benign neoplasms, non-melanoma skin cancer; female reproductive system cancer: contraceptive use, hormone replacement therapy use, benign neoplasm, non-melanoma skin cancer, NSAID use; urinary system cancers: hypertension, benign neoplasms, use of diuretics, use of carcinogenic drugs, urinary dysfunction).
Drug exposure
To analyze the association between respiratory medication and lung cancer risk we stratified patients into 'non-users', 'current users', or 'past users'. Current users were patients who received their last prescription within 180 days prior to the lung cancer diagnosis, and past users were all the patients who had prescriptions for the drugs of interest recorded .180 days prior to the lung cancer diagnosis. We further subdivided 'current use' into 'current short-term use' of less then a year (ie, patients have had their first drug prescription within a year prior to the diagnosis), of 1-3 years, or of .3 years. We also divided current and past users into 'regular' or 'intermittent' user; in order to be a 'regular user', patients had to have at least one prescription recorded every 100 days, and if a patient was a current user with less than one prescription every 100 days, the patient was an 'intermittent user'.
Statistical analyses were performed with the statistical software SAS (release 9.1, SAS Institute, Inc, Cary, NC, USA).
Results
The study population consisted of 35,772 COPD patients and the same number of matched COPD-free patients, 51.3% of them being male.
Within the study population, we identified a total of 4506 cancer cases during follow-up, 2585 among the COPD patients and 1921 among the COPD-free patients. Sixty-one percent of all cancer cases were men ( Table 1 ). The incidence rates (IRs) were 27.8/1000 person-years (py) among COPD-patients, and 16.8/1000 py among COPD-free patients (Table 2) . IRs were higher among men than among women, but the incidence rate ratio (IRR) associated with COPD was slightly higher in females than in males. The cancer IR increased with age.
In the nested case-control analysis we explored the association between a history of COPD and the risk of developing various types of cancer, stratified by gender (Tables 3 and 4 ). The relative risk was highest for developing lung cancer, and it was particularly high in women; OR 5.26 (95% CI 3.64-7.61), compared with men: OR 2.10 (95% CI 1.70-2.60) (likelihood ratio test P , 0.001). The crude risk of developing urinary/kidney cancer (in both men and women) was also increased, but after adjustment for potential confounders the ORs were no longer statistically significantly increased. The relative risk of developing one of the other cancer types was not or only marginally altered in association with a previous COPD diagnosis.
To further analyze the association between COPD and lung cancer we did an analysis stratified by smoking status. The presence of COPD increased the risk of being diagnosed with lung cancer in non-smokers (OR 4.21, 95% CI 2.65-6.69) ( Table 5 ). 
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In a second sensitivity analysis on the association between COPD and lung cancer we assessed respiratory drug use in detail among COPD patients ( Table 6 ). The exposure prevalence to these drugs was high; short-acting beta agonists were used by 70%-80%, short-acting anticholinergic drugs by 30%-40%, and inhaled corticosteroids by more than 50% of COPD patients. For most drugs the proportion of lung cancer cases and controls using respiratory drugs on a longer-term basis was similar, yielding relative risk estimates around one. There was a tendency towards increased relative cancer risks associated with short-term current use of most respiratory drugs, which can be explained by a worsening of COPD symptoms prior to the lung cancer diagnosis. This effect was particularly strong for short-term current oxygen users with an OR of 5.06 (95% CI 2.87-8.90), and there was also a suggestion of an increased lung cancer risk associated with current long-term theophylline use (adjusted OR 2.37, 95% CI 1.05-5.35).
Discussion
In this large population-based study, the overall cancer risk was increased in COPD patients as compared with COPDfree patients. This increased risk was mainly driven by the increased lung cancer risk. There was also a suggestion of an increased cancer risk for cancers of the urinary and gastrointestinal tract, but after adjusting for smoking and other covariates the risk estimates no longer reached statistical significance. Smoking is the most important risk factor for both COPD and lung cancer, and it is likely that most of the observed lung cancer risk is due to smoking. However, stratification by smoking status showed that COPD increased the risk in non-smokers when comparing non-smoking COPD patients with non-smoking patients without COPD, which indicates an independent contribution of COPD on the lung cancer risk. This proposition is consistent with findings from previous studies reporting risk estimates ranging from 1.5 to 2.7 for various levels of COPD severity. 8, 9, 24 Based on our findings from an observational study we cannot tell whether the substantially increased OR of 4.21 (95% CI 2.65-6.69) for lung cancer among non-smoking COPD patients points to a smoking-independent association between COPD and lung cancer risk, or whether it is the result of residual confounding or smoking misclassification; we cannot rule out that the result is driven to some degree by misclassification of tobacco exposure, ie, a patient being recorded as a nonsmoker despite a previous history of smoking. Furthermore, a COPD diagnosis may be made by mistake because someone is presenting with lung cancer symptoms.
Our findings were also similar to the ones in a previous analysis on lung diseases and cancer risk on the same database that covered the period from 1994 to 2001 and encompassed only some 9000 subjects with COPD; our study was done between 1995 and 2005 and involved some 35,000 COPD patients. 22 Furthermore, we stratified the results of the nested case-control analysis by gender, which was not done in the previous study. 22 Overall, the distribution of various cancer types in the current study population reflects what is known from cancer statistics: in men, lung cancer and cancer of the reproductive system (mainly prostate cancer) are the most frequent cancer types, followed by colorectal cancer; in women, lung, breast, and colorectal cancer are the most common malignancies.
We observed higher relative lung cancer risk estimates associated with a history of COPD for women than for men; whether this points towards a greater susceptibility for women, or whether it is due to other factors and needs to be further explored, is unknown and controversially discussed. Women outnumber men in the population of non-smoking COPD patients. We did not find much evidence for an altered lung cancer risk in association with long-term use of various respiratory drugs. The increased relative risk seen for short-term current drug users is most likely due to the fact that respiratory function decreased shortly prior to the lung cancer diagnosis, which led to the initiation of a new drug treatment. This finding indicates that COPD patients with an acute deterioration of their lung function need careful evaluation because one of several reasons for the worsening clinical situation might be the first manifestation of lung cancer. There was a suggestion of an increased risk of developing lung cancer associated with long-term theophylline use, but this finding was based on a relatively small number of exposed cases and controls and may be a chance finding; this cannot be ruled out, particularly if a substantial number of exposure categories are tested in the model. It may also reflect a more advanced and severe stage of COPD and thereby be the result of confounding by indication.
Parimon et al reported that high doses of inhaled corticosteroids (.1200 mcg/d) reduced the risk of a lung cancer diagnosis significantly when compared with non-users. 21 Kiri et al also reported a reduced lung cancer risk in patients using inhaled corticosteroids alone or in combination with long-acting beta agonists when compared with patients using short-acting beta agonists. 25 In our study population, we did not see a significant association between corticosteroid use and the risk of lung cancer. In women with a cancer diagnosis, there was a tendency towards a decreased exposure history to inhaled corticosteroids as compared with cancer-free controls, but the adjusted analysis did not yield a statistically reduced risk estimate (data not shown). There was no such effect seen in men. In a study involving asthma patients, use of oral corticosteroids was associated with an increased cancer risk. 22 An important limitation of this study is the limited followup time between the first COPD diagnosis and the incident cancer diagnosis. Both COPD and cancer are chronic diseases that develop and are present for some time before first symptoms become clinically manifest. Thus, we may have missed a certain proportion of patients with mild COPD who had not yet been diagnosed by the GP. Further, the proportion of patients with severe COPD may be small due to limited follow-up. Thus, the current study population may reflect a patient population with a relatively high proportion of moderate COPD. In addition, it would have been desirable to have more information on certain potential risk factors (eg, human papilloma virus infections) or protective factors (eg, former use of oral contraceptives (OCs)) for various gynecological cancers. We assessed OC use prior to the index date for women in the nested case-control analysis and adjusted the analyses for this parameter, but for elderly women the likelihood of having previous OC use recorded on computer was low. By matching cancer cases and controls in practice, we made an attempt to take socioeconomic status into account to some degree, as social deprivation shows a geographical pattern and therefore people from the same neighborhood are more likely to see the same GP. We adjusted all our analyses for smoking status; however, we cannot exclude residual confounding by environmental tobacco exposure or smoking intensity.
A strength of this study is that the GPRD is a wellvalidated data source with a high validity of recorded drug exposure. In addition, all drug use was recorded prior to these analyses and in the absence of any study hypothesis. Further, we classified drug use in all patients (ie, cases or controls, or patients with or without COPD) in the same way so that any exposure misclassification should be non-differentially distributed across users of various COPD medications.
In summary, this observational study provides further evidence that COPD is only marginally or not at all associated 
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Schneider et al with most cancers except lung cancer. The risk of developing lung cancer is substantially increased for COPD patients, which can in part be explained by smoking as a major common underlying risk factor, but an independent association between chronic lung inflammation due to COPD and an increased cancer risk beyond the effect of smoking is also possible. In our study population, the risk of developing lung cancer in association with COPD was higher in women than in men.
